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ABSTRACT

A theorelicai analysis of the thermal behavier of water-covied ihin
foi. radiometers 18 carried out, lhe vxpression tur the heat balanue

in the virvular 102! of the radiumelies 5.

1oaf Aty AT e
2 s =
t - G, subject tu certain boundary

Tue steady state asl:tion, 7T, ¢

conditions, yie.ds the thermal sensativity: O g - Ré/ dugid (o o ).
’ Y Y 4 © (Ca. cml-se(

This relationship when appued "2 the three radionieters i, common

use at NRDL indicates that they vperale Jincariy over their eatiie
ranges {v 1o iG, v iu 50, and b to ivlt Cae.; (m’} wilr 3 maxamman error

of 2 percen! when mdxamum irradiance s incident on the toi., Considar-

.ng k constani, the heat balance cquaiion becumes:

i a1, o« )
%r”?”&‘?“}'&' ~ o

Soiving, subject! to the sdme boundary cunditions, by means ol e

.y e

Laplave Transfurnuation, an expressiun ior svaclion Lime resuats.

x v.4lo R4

yieids reaction imes of 0. Glo, (. UU4, and V. vUd sec. respectavely.

« Applying this relanianehip 1o the three NRDL anstryrrents

(]
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S MMARY

The Probiem

High irtensity beams of thermal radiation «s & function o me
have, in recent years, beer. measared througn the use of thin {uii
radsometers. Unc ui the principles of operation of these ynstrumentas
has been that a heat sunk in the (nstrument remains 2t a consiant
temperature throughou! the MIaswreindil ui o therma: fiux.  1he than
foil changes in lemperature and hence measures the fiux. Howe.ver,
1t 18 belicved that in aclaat fie.d teal® Invoiving Nigh in.cnsat, thermal

radiataon, the hest s.nk does nol remain at a constant temperature,

i"mumgl

IThe prement study 13 a theuretica, asaiys:s ol the thert al behavinr
ol & water-iuwuicd rediometer with parhiiuiar consideration p- en te
(1) the steady state senmi:vity of the thin {o1i and (&} the reactivs timae

ul the {0l (Lime (0 COAY 1o Y0 peTeent o sicady state temperature

AbOve 3is heatl o1k after onset 01 irradianve;, Tne three radiometers

in common wae at NRUL (1) operate iinear.v over theit en'.re ranges
(v to 10, L1o 50, or U to 10U Caiy um') with a maxa~mum errar of less
then 4 éercen! when m @

(2] have reaction Lmes of U, Llu, (. u04 and O, Lus sec., Teapectively,

- tame s - g
20 Tledi iTTaGLATC

W LuliGont on we (o1l and
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ADMINISTRATIVE INFCRMATION

I. BACKRUND OF WORK

During FY ly)., the U. S. Kavai Radloiogi.al [efecse Labecretury vas givern
the responaibilitly by tae Armmd rorces bpecial Weapons Picle~t Lo develop
{astrumestatlion for measuring te irradjances and thermal exposures for nuclear
detwoations. The fileld radiometer that war deviaioped under this progrem was
found 1nadequaie for laboratory pessucenmenis. “he nced for a reliable iostru-
peLt for messusilg he apot distribution of Wermas {rradlence in e focal

- »

place wis mandaicry “or the succensiul pivaeillion o lalCTatory- iy pe PrOETaBS -

The vetler-cooled rediometer vas then conteived and Jdeveloved bty the Thermm.
diatior Stuljes (now Thermal fedistiul drench ., Nucleonics Tivislon, Sclentific
Depertmnt, in spproximately October 1951 for the primeryv purposey cf coctinually
sociioring the B-JU 55 thermal source. 3ubsequext Jlevelopmects of he vater-
~5led rediometar lad Lo Tatrication <7 improved water-cocled radiometers
desigued four determining W dp-.0 distiibutlin o7 We RRUD 18" and madificd
M tctell tuermal sources cr,‘ble vf simalating thermml pu.ses . aiwocd 1y &
nuclear detinstion The M " and Mitche'l thermal sources are capadble nf pro-
Jucing & Taz 3e Of edergy levels from 1"8 -po' diamrter at approximately
10C uxl,-c.enec and a rige froz ) Slie T limmeter &pot oAt Tnteicities
frox 28 cal/ce /sec w15 ccl/cl/lec 'T‘bc vater-cocied x\dlonu.- has beel.

utilized as a secondary standanmd 1a the calidb.stlion cf the NRIL e mal suvurces.

Wuter-cocled raciometers have Leeo deveicped, fabritvieu awd wLlitretes by
tuls laboretory for wee by virtually all lepa::imest of Defe iz orgenlzations
that are angaged in the calibratiu >f Wermel scurces snd solar furnaces.

This repcert is veocer od with a refireme.t .f Lz heourstical scal,c.s of

tne rediomeler for bcin the stewdy aud lrsusicel alatles T Whe masweamat ol
trersal irrediacce.

II. AUHCKIZATION AKD FUNDING

The work discussed in this report was initially sponsored by the Bureau
of Saips, under Project Number Ko-031-Xil, entluled “ihe Effects of Atoaic
Wareheads and Radiclestcal Shielding,” Suvtask 3.4, ™epartment of laborateory
Sources of Thermal Radiation, ™ Technical wjective AW-7. Financial support



sgport of this type of program has been continucusly funded Ly the Armed Forces
Ypeclul Veapon-~ Project.

ITI. DESCHIPTION OF WGRK

The vork reported herein 1s concerned with the apjlication of the TaPlace
Trensformstion Theory to the solutico of the traasieut Heat Flov Problem. Tiwe
sclutions to the problea give a wensure of the sensitivity of the waler-coc.ed
™uiometer ic eims of {ts physical dimension as well as the respcuse time
Taquized to reach 9C percent of the steady state cocoditioc.



INTRODUCTION

Thin fail radiometers fur the medsurencnul of high intensity beams of
thermial radiation as a functon of tinie ha.c come into Incrcasing usc

in the determunation of the {lux from sowaar furnaces and nuclear
detonations, as weli us from laburstory sources of high intensily

thermai radiation. Une sach type of ipstrument 18 ahown in g, . It
consists basicaily of a thin foil mountsd over & houle 11 a heatl sink whicl
2 maintained 4l a constant termperature by a C:rculating stream of water,
The temperature Lifferential between the center and the edge of the foil
18 2 measire of the incident tlux. This temperature dulferential 1s
measured by meat.s of o griver.constantarn thermuocoapie which gonerates
an eleilrival veltagy corresponuing .o the temperature ditterential
deveioped. Anotter tvpe oifo:il radiomeier, deveioped pasticularly for
use 1n field tepts, 9 provided with a large copper block for ¢ heat sank
having no wate: vousigyg sy steni.. The relatively large thermal capacity
of the (opper bluck tends 1o MmAaniain the temmperatore of the sink constant
with respect to that of the foil when the incident irradience 18 Lol 4f tou
high a levei. However, it s believed that an actua!l {ieid tests invo.vang
high intensity thermal radiation, e ., nudlear weapons tests, the tem-
per.iure ol the copper blodk does Lot, an fact, remain constant, This
provides a pource of error whion s difficult to estimate.

li. the pruesent study o theoretical analysis of the thuerinel behavior ot arn
instrument of the water-couled type 18 undertaken 1o whach particular
considerution 18 given tu the steady state sensitivity and tu the reaciiun
tLme, which for present purposcs 18 defined as thr ume for the foii to
come to 90 perceat of 1ts full steady state tempersture above that of the
sunk alter the ons«t of ivraudiance, Any effvcts un the performance of the
instruinent due to the reaction of the thermocouple are entirely neylected.
However, it is noted that these effects may not be negligible, and hence
the actual performance of any instrument of the type discussed may
differ somewhat {rom 1ts performance herein predicted,

-Consider & circular foil of thickness, d, and radius, R, which is in

contact at 1ts circumference with a large heat sink supposedly maintained
at a canstant temperature, Tg. This assumption represents quite
accurately the physical situation existing in radiometers of the
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Fig. 1. Thin {0l ragiometer for measurement ol kagk anten -
of therinai rediation ea » funclion W me, '
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water-cooied type. Tthe {01l 15 assumed to-absorb thermal radiation of
intensity, . un oné face. begipning at a parhicular instant of time, To
obtain the differvmial vguation for the l.n:mpe rature at any powt in the
foil. it 18 necessary to consiacr the heet balance for an elemental ring
nd width, Lr, 28 thownin Fag. 2,

ke deal .-.-so..—-s-.l' N
G InT 1Gis matls ot ragive, T, =

Neglecting any temperature gradient betweren faves of the foil, as well
as neut iosscs lrom aitiier face, the heat baiance {or the elemuental ring

can be expregsed by the tollowirg eyuaticon:

%i'.—.‘"r J SR ..‘TTr.g:' -q - & ek

Here | 18 1o)itetnpe raiats -1 1adius, 1, thackicss, d, and time, {, n.casar~d
from: the instant 4t which 1Trradiatiu: Legins, k is the thermal conductiv:ty

of the forl material, © .s its ceis.iy, and « the specafic heat. Equation !,
altimately sampilfies to

ky
e
[
P
o

Tet ot gt S0 TR e - Dot te e Loundary condualor
T Ty v v o 0, 4lir, L3
T = Ty. at v = R, for 0. v

SENSITIVITY

To discuss the sensativity of ¢ wifcuiar foil Tadioeler, we need consider
oniy the slrady stdale solution to kg (2i, 1.¢,, the soiution ior whith
\“'- (- a 3 - R . 4 - . - I T [oln 3 -

ot - BULJE LD T tive LusndaTy vuidi’oun (9. ol wWe Gilow lur
variation of thormal conductivaty cecordiag to the reistion,

Y = kg (1 ¢+ LTy, : 5)
then with 8T /3t = 0, Eq (2) becomes ’
d a1 1 +8T dT g
—dti]l +a2T) + —_— -0, {a)
dr { T odr) r dr kod A
or
_i_.é_{r(un) Ay 9 =0 . L ()
r dr dry lgd o

U o R el e e i Ut e kb~ ok e e ettt 8+ et A e oh o oams e v
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kFag. Schemat:c duagram of thun foil mounted over a hole ina
heat sina. ror analysis of heat baiance, an elementai ring of
foi1l materiai of redius r and width &r 18 coasidered.
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Upon two integrations, the general solution is found to be

L L 1 ,
T + 3 +4-de = G IOLL_I‘ + C; ., (8)

ave arbitrary constante,. Since 1 rannot becoms

3 i an v cons
infinite at r = U, we must specaly that C; = U,

The constent C; may now be evaluated by impousing the condition that
T = To at r R, 1.e., Eq t4j. Thus,

d 2
Cs - T « n—TL_ - _li.li_. . (9)
- o 2 4k ,d .

and the requircd steddy state solutionas

To Tt =t dmiyi 1T e dg) - e (RO ) (10)

- 4!&0&‘ )
Defining A to be the difference beitween the steady-state tenperature of
the center uf the fuii and that of :is c.rcumiercnug, we then have

8 T~ o, atr . (1)
and from {iv},
al: a . T 3 R4
7 e — 1 4 . —e »
7 u,} &c . (12)
This carn also be wr:tlen as
( a it
ail - aT 4 I SN
L @ - akgd (13)
Also, i we put
. T() + T
Tm —_ (14)
~then T is the arithmelic mican of I’ and T, the temperature at the
center, and £q {iZ} can be wrilten as
R
Alitelm) - 31—
\f. m} dkod (1%)

Equation (12}, or the alternative furme (13) or (15), defines the
sensitivity of a circular foil radiomeicy 1n terms of the temperature
difference A produced by radiation of intensity 4. Thus from (13}

Z
a R ! . , (16)

Sensilivity = = = '
: Y= 3 Tk od




Cleariy &is not in generzl a linear funciion uf g unless a = 0, in which
¢case there is no variation ol thermal conductivity with lemperature.
Also it iy evident that the sensitivity is dependund upun T, the temper-
ature c¢ the sink, as well us upon g uniess a = &. This scems to have
been ¢verlovked wn Gardon s Analysis®,

Tosrvesugate more pivuiacly ihe dependence of & un bouth  anu T5. we
Srust cxamine the appropridatle solulion 0 £q 113}, Siuee By (i3} 15 a
guadratic in & . there will be two rovts of which only une 1> of physical
interest in the prosent discussion, Writ.ng Eq 113} in the 1urum

o 8¢
-

ol 2+ alda g %, (17)

where ' »lands for qR‘,ﬁ 4kuu, we b.nd lur the 1wo roots of (17}

Yo aT, S vi.suig” » da
haa i - . 1] -
6:.8: - e 2 -2 (18)

LY

Physicui (ans:¢eralluns lead us to retain oniy that root, &, . <2000 the
positive sign as tu b laken Deture e rad. «i, this being the aniv root
which reduces te zvro for q - 0.

Introdaoing the series expans.on of the radical and yulitaleay retainang
only terms of the 1irst poher n the armndi.: gushRlities 3T0 and 0Q°, we
antain the reaasts

. . .
ol liv)

4, 9 i-alig

[

trom which the rifevis wn 8 f var ations .n T, and g van be caricy
ascertained,

At this po.nt .t win be advaniapgeoss 10 CiScuss a speeific nusteriva

exampir. A (ommon nstrument i 5e by the Thermal Kadiation Branch

at NRDL is the HW-iuvu radiometer, This .a a water -wwojed, silver fuil
snstrument designed to voar s e raage U g % loblwslfemiisec, For

this amsirwineni B 2 (L1237 ¢mand d - 0. 002% cm. The values ol ko and

4 as listed in the nternaliunal Critical Tubles wre kg 0 100 Gulfem -eec-c,
andg - ~1.7x IU*";"OC. whach are valid :n the lemiperature range 0 - IOGOC.

P GardoaR. Rey SG iral p Sus 14.,,.-}53
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For this case we then have:

-aTy = L7x10™xT,, {20)
=2 |
. e - | -~ 1.39q, (21)
4 kod 14) (1. 001) {.vul53)
and --%-aq e B5) (189 x JuTq = L35 x0Ty {2a)

Thus, ‘f‘LOfdll\s o Fys [i%) and {(&U) a chanpe in the sink temp-rature, To,
from 02 C to 1L C wouid oniy produce a change 1n 8 ot 1.7 prroent,

JHowever, assununy the calve 0f o to remain about the same for higher

temperatures, aninerease of [, 10 i GU2 C could result in us mach as
17 percent changt i B8, tor the same vaiue vi g, This 1s arn important
fact to keep in mingd when uning {0
amoient te.nperaturcs.,

eRiTEMeiy hagh

Equaticn (19) :ndicates that 8, I8 a quadratic cqgdation .1. ¢, wi.en hirst
order termm in 8q° are retaines, Howe.cor, accoreing o kg 1&d), the
departure {rom iinedrity for the KW- LU radiometer 1s only 1, 35 percent
when q has 1ty maximan. vaiue of 10u (acm?. sec. For iower values

of q the quadratic termn. (s 0! mven .rps iRpurtance.

Summarizing, w¢ Mmav $ay that the RW-{. . radiometer uperaivs incar.y
over its entire range of v-iul Gay,omé. sec wilh a maximum error of
iess ti.an 2 percent when Maxim.um irradian<¢ ‘& acaceat on the foil.
With regard to the sink tempertatarey i 44t Bas been snowr that vanst.ons
N T, 0t ez waucii we v G the range of L=iLu® wii produce changes
in A, v. lezs than & pereent,

The RW.lu and RW-5_L are two other radiomelers in cse by the
Thermal Radiation Branch a3t NRD designed to cover the ranges
¢ $q 10, andt ¥ q 750 &;,-'cm"- sel, Tespectively. Lake the

W 1yl ihey are both water-. oulc i, suver tuill anstruments, ior which
- (2% cmaeandd - L, wbl27 om for the RW-1Lu, and B U, 127 cui and

G = 0.0uvl2f cm for the KW-5L, As in the case of the RW-[0C it can

be showa that both the RW=10 and RW-50 radivmieters operate lineariy
over their entire ranges of irradiance with a« maximum error of less
than 2 percent when the irradiance is a maximum. The effect of T 15,

of course, the same as for the RW-10U since this effect is independent

6l R, d, or Q, and depends only ena,

able § the linear sensilivily jor the three above-mentioned instruments
is listed together with the maximum percent error at full scale operation
due to the eifect of non-linearity,

1}

4
4+




It should be noted that the present discussion bas wiitied any discussion
ol the effects uf non-linearity in the thermocouples uscd for measuring
the temperatere difference 8. Actually, the suiput of theseansiruments
is a thermocouple voltage, which w.ll reflect the non-hincarity of the
thermoeceuple as weli as that of the radiemer’er itself. Also, the sink
temperature;Toswill affect rhe vperation of the thermocouaple to a certayn
extent. Il shuvig therefore not be expected that the mivssured pertormance
of these instroiuonts wiil confurm exacily 1o the Ligures paven above and n

Tabje 1.

Table 1
Senmitivities and Hesaclion Jimeas wi Irree Radiometers _
Instrument
Fzzcw: Rw-i0 B RW-5u RW 100
H vy (VAL N TP ) 4. S..’,'I«"w
dicm) v, uuidi 0. G012y . G054
"0 {egs) bovind fowtd 1.0t
D e °e . .
Bq = R 4k ((-:‘;«c;;r. u;) L. A 3,017 P bR
éxg; i..¢ HER & 1,35
T (seq, 0. Ule U, U4 L. L4

- - e e e

€ ;. maximum percent error at fuil scaic duv (0 non-iacarity,

T : timme to resach Yu percent of {ul vauue.

SPEED CF RESPONSE

To deter mine the speed of rrapunse wle carvular foil radiometer by
analytic methods we requive the solution o Eq {2} tor the time-dependent
case, If it be acsumed that & i» indeprodent of T, 1.e,, thata s 0, it is
not hard to find the tme-dependen’ solution to Eq 12} which satiafies {3)
and {4}, The assumption of constent k should actually make little
difference in the determination of the response time,
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With the assumption of k constant, Eg (2) reduces to

2 " g
é-—l— - L —_— = ...l_. 9—1 . . R (23)
ar? r dr kd £ ot “
k
where £ - '3—;

v;hiuh is to be solved subject to Eqgs (3} and (4).

The soilvtion ran. conveniently be carried out by means of the Laplace
Transiormation.

Before proceceding with this, however, it will facilitate matters to
introduce the new variable v, detined as

8 : T~ To. 24
Thus 8 will satisfy Eq {(23), a8 wvuil as the boundary conditions

= 0, atr = R, o, (25

8
and o =« 0, att =0, for all r. (2o)

Applying the lLaplace transformation to the variable &, and defining

8 - | 6~ (27)
0
the subsidiary equations for 8 are
tary 3 -
e, L 2% pew . 4 (28}
or T Ar pkd
where o’ :}E . (29)
with the condition that

'_ % = 0, atr =R, (30)

The general solution to Eq (28) is
8 = Ausr) + BKglsr) + --:-:—ca- . (31)

where A and B are arbitrary constants, aid Iy (8v) and K (sr) are
modified Dessel functions. Since Ky(sr)—@as r—» 0, it is clear

“that we must put B = 0. The constant A can then be determmed by
.imposing the condition expressed in Eq (30), i.e.,

" Alg{sR) . +_z.p_c__ = 0, o o {32)

L
;o

b ke



Hence the desired sdlulmnlis

8- =4 {1 lofsmdy ' (33)
ppcd | Ig (sR) :

S T N
e

¢ P e isi)
; , : 0 ai w1
To find 8, we now take the inverse Laplece lranstorin (L ;o1 9. lhus

1
v

.
0« =9— ) - e o) doisn) . 134,
£ ed 1 T evd NI Y '

From any wablc of Laplace transforms

{1
R t, ' 35

‘and by the complea inversion theorem

L'l _:L. {n !sr;l i {" EU Pur ax 3e, -
pT ip 18K} 2r; A lg i)
RIS - |

shefry e
r‘ J A - S -
o .3
M & VY

{he integrand in kq ts51:8 : single vaived function of Aovver the entire
complex A plane. i{hareture, if corn be evaiaaten hy finding the residues
at the poles. Examinat.on siuws that inete s a double poie at A= u,
and sumple poles at the zeros of 1, wR ).

To {ind the residue at the pole Ao G, use th: power series for the Bessel
functiona. 1. e, o

1 a P e
> 1,72 ur)v nh
M=) - -

.M vemely
and for ¥ = 0 this reduces to
. {;1"2- HI’}‘_“.
lolwr) = : -
i m. m!
=0

! + 1/2 )
= 1 -r_(l/Zp\r)z + Lljd.?r_) (/j:r). ¥ ..

im meer=

* Sinca the zeros of Lo} ae abl on e megauve real axis and pehsd, tha 1 Iobr) s anatyric oves
any hatf plane to the right of but aot includiag the otigin. : ¥ lo(a

10
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Thus, near A = 0, assuming R>r, the integrand lovks like

; 242 3,3 2. 4.4
4 Aty 2, —-)3‘-57-1- ---)()+£f%-+#zi_+ ver )

T 2. )
N
' N S
4 bd

P TN u? IR? —r
S S S -~ S NN Yt - TRE VY (T0) AR I

A 2. 3. 4

¢

N R (R i _I) 4 hagher terme an N

Al A 44

Thus, the residue at . 018

RY ~ ¢t
42

| G

-

To this must be added .he contributions {rom the remaining poles at the
zeros of IptuR), 1,6, , at N - ~% ;‘»;’ where ;%n are the roots {all real) of

IR} - 0.

Since these are al simp.e poies, thz residuens wili ¢ given by

@™ Ao A
2 £ QAT
- - ’

o leddn [ 3% ig 1aR)]

- * 1‘\ —k,;;

o
.2 I, G3,r | 1 & pg e-g:-it .
"R E PNy

Using the tact that
L UBnr) = Joidarl,

Litpgr) = 1 Bgr)

this bhecomes
- ) }
2 Z Jo {Bnr) e-xﬁ;t

n=}

- where Jg and J, are ordinary Bessel functicnc.

Y

b



We then have the resualt that

RE — 1 (Ar) ~kBEt )
44: hx a J F R) ©on

Thus. from Equation (3-‘1)

=] .
e .2 J
o - H“g__ Ré-r 3 is ol Bnr} Ly . (38)
: kd 4 R, ﬁ' A (5 R} % 'n
n=l

For very large t the exponentinl terms may be disr egarded, and ©
teduces to the steady state value
R r?
Mrﬁf . ast ———3 00 . , {39)
d 4

This egrees with Eq {i0) whena - 0 and § is put equalio T- To-

Yor large t, atr = 4, Equation (381 reauces to*

6 - gR* _ 29 ‘.t;'-‘_»
" 4kd  kdRK By i (B R) '
. gR¢ } QR 7\ . kBt
AT TS T TR .; } R
or ( 8 :
8 -8, - U (40)
Thus, G- ¢ . . L 1 L (44)
Sxo) @R L (B R)

® since J(O) = § and unce all the tenns 10 the sumaalion may be neglected campared 1o the fant far very
lasge t.

12
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Using tables of Bessel functivns, we {ind

p,R = 2.405 ,
L(AR) = 0.519

and, therefore,
8, - ¢ (2,405 AL R

& .
= 1,1 (42}

o tind the ime T tor the center of the carvular foil radiomieter toreacha temperatur
within 10 pereent of its steady state temperature, put {(@g~ 9}/ 6, equal
to lu™! in Eq {42), i.e., :
. C AT RY
1o~ Ll e {2.405)¢ ATYR

and taking 1ugm of both sides,

' h) gyé
-1 =z loglﬂ(].llj— -(-"—'%%:)—k—t- lugloe- R

or
st Jopy, (1. 1)+ 1 '
2 (2. 4u5) g ® : , (43) )
= YL ER = 0.4l6 '
(5.784){ 0. 4343) ’ J

Thus,
. 2
T fo.510)RT (44)

o
~

in Gardon's analysis, previously referred to, an approximale exponential
solution for the ime -dependent problew s wbte.ned whisch yields a

value ol . (a, 252 R2

K

corresponding to 2 value of

i3

il w



From this it follows that o value of

) 0. 575)K"
T = ..(..“_'......-._J.__.
4

is i‘cquired for € to be withan 10 percent of its steady state value, 1, ¢,, for

¢ -0
]
—z Q.10 .

5

,However, the more riguorous solution darived above indicates o somewhat:
faster approach to the steady state since 1t has been showr that when

Eq (44) is satisfied, 8 is very nearly within 10 percent of its steady state
value, :

Actually, the rtigorous sciution to'the time-dependernt problem, giver in
Eq (38) shows that, in general, 8 does not have a siumple exponential time
dependence. but only approaches an exponential behdavior for large values
of the time. It can be shown that the large time approximation s valiu,
with negligibie error, for computing the reaction ime T 28 we s o yuiie,

Using Eq (44). the valuce of the rraction time Treguired to reach

90 percent of full value nave bewn calculated for each of the threc
instrumenta alrvady discussed. These values ar- inciuded 1n Tabie .,
The value of the diffusivity, £ ., of s1lver wus comnpuied from the bas:ic
definition £= k/0c, where k = 1,00 Cal/em.sec. C, Q- 10.43 gm/cc,
and ¢ = 0.057 Cal/gm -°C.

Approved by:

A. GUTHRIE
Lead, Nucleonics Divis:an

For tue S ient:fic Directur
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